INTRODUCTION
A number of isobutylamides of unsaturated aliphatic carboxylic acids have been known to be insecticidal principles in higher plants. 2 ' Pellitorine 1, one representative of the natural insecticidal amides, was isolated for the first time from the roots of Anacyclus pyrethrum DC (Compositae). The paralyzing action and lethal toxicity of pellitorine 1 against Musca domestica (housefly) were said to be comparable to those of natural pyrethrins.2' Although about twenty kinds of synthetic methods of pellitorine 1 have been reported so far, " its practical use was extremely limited. Every application trial of pellitorine 1 as an insecticide gave only a poor result because of its extreme instability.
We reported the isolation of three unsaturated amides, pipercide 2, dihydropipercide 3 and guineensine44) from fruits of Prey nigrum L. (Piperaceae) as insecticidal principles5) (see Table 1 ). These three amides possess the same partial structure as that of pellitorine 1 [namely, N-isobutyl-(2E, 4E)-2, 4-dienamide moiety].
These amides showed distinct insecticidal and physical characteristics as follows6):
(i) rapid paralyzing action (ii) high toxicity against pyrethroid resistant pests (iii) enhanced toxicity by mixing 2, 3 and 4 (joint action) (iv) increased stability compared to that of pellitorine The chemical structures of the three amides 2, 3 and 4 provide considerable valuable information for the design of more active synthetic analogues. In this paper, the insecticidal characteristics for some synthetic analogues of 3 varying in their amine moiety and carbon chain moiety are discussed. Biological equivallency of a methylene group with an ether oxygen atom in this class of amides is also described.
MATERIALS AND METHODS

Materials
General procedures for the preparation of new compounds are summerized in Fig. 1 . All products were fully characterized by 1H NMR, IR and mass spectrometries as well as microanalyses where necessary. 1.1 Dienamide containing 3, 4-methylenedioxyphenoxy groin 5 8-(Tetrahydro-2'-pyranyloxy)-1-octanol7) was oxidized with pyridinium chlorochromate8) to give THP-aldehyde 6 (95% yield). 2, 4-Dienoate 7 was prepared by condensation of the aldehyde 6 with diethyl 3-methoxycarbonyl-(2E)-2-propenyl phosphonate89) in the presence of sodium methoxide. The configurations of the 2, 4-dienoate 7 were almost (E) at C-4 [GLC cond., 1% OV-17, 1.0m, 230C, (2E, 4E)-isomer 98.0% (tR 9.3 min) with a negligible (<2%) amount of (2E, 4Z)-isomer. The phosphonate 8 gives (4E)-ene product exclusively by the Wittig-Horner-Emmons reaction, 10' so the geometrical configuration of the main product 7 was deduced to be (2E, 4E)-isomer]. Compound 7 was hydrolysed with KOH-MeOH to give the corresponding acid in 78% yield. Amidation of the acid with isobutylamine in the presence of cyclic phosphonitrilic chloride11) and triethylamine followed by acid hydrolysis with p-TsOH gave N-isobutyl-l2-hydroxy-(2E, 4E)-2, 4-dodecadienamide 9 in 52% yield. The hydroxyamide 9 was condensed with sesamol (DCC, without solvent,12) 120C) to give N-isobutyl-12-(3, 4-methylenedioxyphenoxy)-(2E, 4E)-2, 4-dodecadienamide 5 in almost quantitative yield ( Fig. 1 ). 1.2 Dienamides containing 3, 4-methylenedioxybenzyl group (10 and 11-19) 3, 4-Methylenedioxybenzyltriphenylphosphoniunn bromide13) 20 in benzene was converted with sodium methoxide to the Wittig reagent, which was coupled in situ with THPaldehyde 6 to give 21 in 66% yield. Comound 21 was de-protected (with catalytic amount of p-TsOH in McOH), hydrogenated [Pd (10%) on carbon] and oxidized (pyridinium chlorochromate in dichloromethane8') to give corresponding saturated aldehyde 22 in 67% yield. (2E, 4E)-Dienoate 23 was prepared by condensation of the aldehyde with phosphonate 8 in the presence of sodium methoxide(63% yield) and 23 was hydrolyzed (KOH-MeOH) to give the corresponding acid. The acid was chlorinated with thionyl chloride and the resultant acid chloride was condensed with isobutylamine to give 10 in 76% yield (Fig. 1) . Table 1 Insecticidal activities of unsaturated amides to adult C. chinensis (male). a) Major pungent principle of pepper fruits. b) Topical application (mortalities were evaluated after 24hr).
Analogues amides 11-19 (see Table 2 ) were prepared in similar procedures described above for 10 employing 1, 6-hexanediol as a starting material and various amines for the final step. 1.3 Dienamide containing 3, 4-methylenedioxystyryl group 4 Compound 7 was hydrolyzed and then oxidized with pyridinium chlorochromate to methyl 12-oxo-(2E, 4E)-2, 4-decadienoate 24. Phosphonium bromide 20 in benzene was converted with n-BuLi to the Wittig reagent,13) which was coupled in situ with 24 to give 25 in 62% yield. The (E) (Z) isomer ratio at C12-double bond was 7525 as determined by GLC and UV [GLC, 1% OV-17, 1m, 250C, (12E)-isomer, 75.0% (tR 19.3 min), smax 305 nm (EtOH, e6200); (12Z)-isomer, 25.0% (t5 17.0 min), "inax 297nm (EtOH, e4800), the UV spectra for (12E)-and (12Z)-isomers are consistent with (E) and (Z) isosafrole isomers,14) respectively]. The (E)/(Z)-mixed ester 25 was hydrolyzed (KOH-MeOH) to give the corresponding acid 26. The crude acid was recrystallized three times from benzene to give pure 13-(3, 4-methylenedioxyphenyl)-(2E, 4E, 12E)-2, 4, 12-tridecatrienoic acid 26 as needles (55% yield). The remaining syntheses were the same as described above (Fig. 1 ). 1.4 3-Methyl-(2E, 4E)-and 3-methyl-(2Z, 4E)-dienamide derivatives 27 and 28 3-Methyl-2, 4-dienoate 29 was prepared by condensation of aldehyde 6 with diethyl 3-methoxycarbonyl-2-methyl-2-propenylphosphonate 309' in the presence of sodium methoxide, whose (E)/(Z) ratio at C-2 were 55/45 and almost (E) at C-4 [29, 1H NMR (CDC13), 2.28 (br.s., for C-3 CH3, for (2E)-isomer, (55% integration) and 1.98 (br.s., for C-3 CH3, for (2Z)-isomer, (45% integration)].
3-Methyl-2, 4-dienoate 29 was converted into mixtures of amides 27 and 28 by almost the same procedure given in (1.1) and (1.2). Compounds 27 and 28 were then separated by silica gel column chromatography (Lobar column(R) size (Fig. 1 ).
Reference insecticides
Pyrethrins (25% extract) was purchased from Dainippon Jyochugiku Co., Ltd. Technical grade fenitrothion (Sumitomo Chemical Co., Ltd.) was used. Piperine was purchased from Aldrich Chemical Co., U.S.A.
Methods 2.1 Activity tests against Callosobruchus
chinensis (adzuki bean weevil) Topical application method: Doses (10, 5, 2.5etc., ug) of test compound in acetone (1.0 pl) were applied on dorsal surface of adult male C. chinensis (1-day-old after emergence). Twenty insects treated with each dose were released in a plastic cup. The mortality (kill %) was assessed 24hr after application and insecticidal activity was expressed as LD50 value (ug/insect).
Activity tests against Chilo suppressalis
(rice stem borer) Bait and contact method: One ml of 500 ppm solution of test compound was applied on artificial diet in a plastic cup, and ten 10-dayold larvae were released. The mortality of larvae (kill%) was assessed after 8 days (two replications).
Activity tests against Musca domestica
(housefly) Filter paper contact method: 0.7ml of 500 ppm solution of test compound was dropped on a filter paper (5.5cm in diameter) placed in a plastic cup with 30mg of sucrose for diet. Ten 4-day-old adult females were released. Mortality (kill %) was assessed after 48hr (two replications).
Activity tests against Spodoptera litura
(tobacco cutworm) Bait and contact method: Two ml of 500 ppm solution of test compound was applied on artificial diet (13g) in a plastic cup, then ten fourth instar larvae were released on the diet. The mortality (kill %) was assessed after 6 days (two replications).
RESULTS AND DISCUSSION
The structural similarities and differences of pellitorine 1 and the key molecule 3 were quite suggestive. Although, both molecules have common structural unit [part A + B : Nisobutyl-(2E, 4E)-2,4-dienamide moiety], insecticidal activities of the former are far inferior to that of the latter (Table 1) .
Moreover, pellitorine 1 has been known as a quite unstable compound,1) however with an aromatic moiety in the molecule, 3 and two related amides 2 and 4, obtained significantly improved stability.
These observations encouraged us that by modifying skeletal structure or substituent on the molecule, one might be able to improve considerably the insecticidal activity of this class of compounds.
In the present study, we divided the key molecule 3 into three parts (parts A, B and C) as shown in Fig. 2 . As summerized in Table  2 , our first study was conducted to investigate an optimum amine moiety (part A).
One of the natural amide (3, N-isobutylamide) showed high toxicity against C. chinensis, one of the major grain pest of adzuki beans (LD50: 0.23ug/insect). However, by changing the amine moiety to the other branched or cyclic aliphatic amines (11, 14 and 15) , their insecticidal toxicities decreased to one-third or one-fourth with that of 3. Only 12 [N-(3-methyl)-2-butylamide] showed almost the same in their amine moiety also showed no toxicity. These observations were correlative to the results of our previous study,3) in which insecticidal toxicities of pellitorine 1 and its analogues with various amine moieties were investigated. In the previous communication, we reported that pellitorine 1 (N-isobutylamide) was the most toxic molecule and N-cyclohexylamide analogue was the succeeding one. There is apparently a steric limitation to the size of the amine group in relation to the insecticidal activity.
As a next step, our study was directed to part B: i.e., N-isobutylamide and 3, 4-methylenedioxyphenyl moieties were kept intact, and suitabilities of conjugated olefins, carbon chain length and introduction of ether group instead of methylene group were investigated. The results are summerized in Table 3 . In this case also, Insecticidal data of dihydropipercide 3 are given for comparison.
Saturated and monoene analogues of 3 (31 and 32, respectively) showed no toxicity. Therefore, 2, 4-dienamide moiety seems to be essential for insecticidal activity.
By introducing 3, 4-methylenedioxyphenoxy group in the molecule instead of 3, 4-methylenedioxybenzyl group, the former showed the same order of activity as that of the latter (cf. 10 and 5). The phenoxy analogue is superior to the benzyl analogue in view of the simplicity in the synthesis.
Compound 28 with (2Z, 4E)-dienamide exhibited negligible toxicity (comparing with Table 3 Insecticidal activities of 3, 4-methylenedioxyphenyl-N-isobutylamides with various carbon chain length to adult C. chinensis (male). a) see Table  1 . 27 and 28). By introducing a methyl group at C-3 in (2E, 4E)-dienamide moiety, 27 showed marked enhancement of activity.
The insecticidal activities of representative synthetic amide 27 were investigated against several insect species (see Table 4 ). Compound 27 showed 100% lethal toxicity against C. suppressalis and M. domestica at 500 ppm treatment.
However, this amide did not exhibit any toxicity against S. litura. These results indicate that it is difficult to deduce a definite conclusion on its structure-insecticidal spectra relationships.
